This study investigates the presence of currency substitution in eight African countries-Egypt, Morocco, Nigeria, Ghana, Kenya, South Africa, Tunisia and Zambia-for the period 1976 to 2005 using both regional and US dollar as anchor currencies. We find that currency substitution is prevalent in Ghana and Nigeria when CFA franc is used as an anchor currency. However, when US dollar is used as an anchor currency there is no evidence of currency substitution in Ghana but we still observe the presence of currency substitution in Nigeria. Also we find presence of currency substitution in South Africa but not in Egypt when the US dollar is the anchor currency. For Kenya, Tunisia and Zambia there is no evidence of currency substitution irrespective of the anchor currencies considered. In the case of Morocco, we observe no evidence of currency substitution when the Egyptian pound is used as anchor currency but there is weak evidence of currency substitution when the US dollar is considered.
Introduction
Currency substitution, in which foreign monies substitute for domestic money in its three traditional roles such as medium of exchange, unit of account and a store of value, makes execution of monetary and fiscal policy extremely difficult (Imrohoroglu, 1994; Calvo and Végh, 1993; Niskanen, 2000; Giovannini and Turtleboom, 1992; Agénor & Khan, 1996; Rodriguez & Turner, 2003) . A large number of factors make domestic residents substitute away from the domestic currency namely, the foreign trade transactions, the domestic transactions, the portfolio diversification, and the avoidance of excessive financial losses from inflationary taxation 1 (Brand, 1993) . In a country where currency substitution is prevalent interest rate (both real and nominal) changes would be uncertain due to the instability of the money demand.
Researchers examined the existence of currency substitutions and its adverse effects on policy making for both developed and underdeveloped countries 2 . Three distinct methods are used to identify the presence of currency substitution. Thomas (1985) argued that the ratio of real domestic balances to real foreign balances should be negatively related to the domestic nominal interest rate and positively to the foreign nominal interest rate if currency substitution exists in those economies. Other researchers used optimizing framework with both domestic currency and foreign currency as assets to identify currency substitutions (Selçuk, 2003; Agénor & Khan, 1996) . The presence of currency substitution has been also tested by examining the 1 Dontsi (2001) adds a new security motive for African countries especially as fund deposits in European banks remain a safe haven for embezzled public funds and rents from illicit activities for African corrupt ruling clans.
2 See currency substitution studies by Miles (1978 Miles ( , 1981 , Bordo and Choudhri (1982) , Imrohoroglu (1994) and He and Sharma (1997) for USA and Canada; Arize (1991) , Tavlas & Ozeki (1992) and Sharma et.al., (2005) for Japan and South Korea; Artis et al. (1993) , Mizen and Pentecost (1994) , and Spencer (1997) for other European countries; Calvo and Végh (1993) for Bolivia, Peru, and Uruguay. Agénor and Khan (1996) found evidence of currency substitution in ten developing countries of Africa (Morocco, Nigeria), Asia (Bangladesh, Indonesia, Malaysia, Philippines, and Pakistan) and Latin America (Mexico, Brazil, and Ecuador). Selçuk (2003) and Buchs (2000) found existence of currency substitution in a number of Eastern European and Middle Eastern countries as well as Russia.
stability of the money demand function as the presence of currency substitution increases the volatility of money demand (Darrat et al., 1996; Sharma et al., 2004) .
The latter approach is the one considered in this paper. It is an indirect way of investigating the existence of currency substitution in a country by paying attention to the changes that take place in the money demand for domestic currency. We consider this approach because the data on foreign monies circulating in the economy and foreign deposits of domestic residents are not available for the countries considered here. Moreover, this approach has an advantage because it accounts for both capital mobility and currency substitution. Recently, Prock et al. (2003) investigated the presence of currency substitution in Latin America countries using this approach. They examined the money demand function of Argentina, Brazil and
Mexico in a vector error correction model. Their findings indicate that currency substitution is prevalent in all three countries, but it is more pronounced in Brazil and Argentina than in Mexico. Also, Darrat et al. (1996) examined the stability of money demand function for Japan while other researchers used a similar approach to study currency substitution in Asian developing countries (Sharma et al., 2004) and Mexico (Rodriguez and Turner, 2003) .
The stability of the money demand function is crucial to conduct an efficient and independent monetary policy. Haug and Lucas (1996) used a co-integration analysis to study the stability of the Canadian long-run money demand. They also estimated the parameters with the fully-modified estimation method using quarterly data from 1953:1 to 1990:4, and observed a stable money demand function for Canada. Lutkepohl et al. (1999) studied the stability and linearity of a German money (M1) demand function. They used smooth transition regression techniques capable of accommodating both smooth and sudden change in regression coefficients over time. Using quarterly data from 1960:1 to 1995:4, they noted that the relationship was linear and stable before 1990 and the monetary unification barely changed this relationship. Ibrahim 5 (1998) using co-integration technique examined the stability of money demand in Malaysia by considering both M1 and M2 and observed that M1 is unstable in the long run, while M2 is stable in the long-run but unstable in the short-run. Consequently, he concludes that using M2 as a target in monetary policy will be recommended provided that the policy makers figure out the structural break in the money demand. There are only few studies devoted to money demand in African countries.
Generally researchers examine whether currency substitution exists between domestic currency and US dollar, British Pound, or Japanese Yen. However, countries with weaker trade ties to these rich countries along with underdeveloped foreign currency market might lead agents to substitute other regional currency that might make their money demand unstable. As African countries are moving towards a more market based monetary regimes, a crucial part of this framework is to understand the behavior of their money demand functions. But, only few studies have been devoted to investigate the money demand in African countries. Moreover, all these studies investigated the stability of money demand by using currency substitution between US dollar and domestic currency. In this paper, we investigate the existence of currency substitution in eight African countries: Ghana, Kenya, Tunisia, Zambia, South Africa, Morocco, Nigeria and
Egypt by examining the stability of the money demand function in these countries using quarterly data from 1976:1 to 2005:4. Towards this goal both the US dollar and regional currencies are used as anchor currencies.
The extent of currency substitution could be determined with precision if one could get data on the quantity of foreign money with the public, the quantity of foreign money deposits in the domestic banking system and the amount of foreign currency deposits made abroad by domestic residents. However, the data on quantity of foreign money in circulation is not available even in developed countries. So applied researchers commonly use proxies like 6 expected change in depreciation of exchange rate to circumvent the data problem (see Prock et al., 2003; Elkhafif, 2003) .
Our results indicate that there is no evidence of currency substitution in Kenya, Tunisia, and Zambia for both US dollar and regional currencies. However, for Ghana we observe that people substitute for CFA franc for their currency but not U.S. dollar. This means that if we take into account only the US dollar to examine the currency substitution we would have missed the presence of currency substitution in Ghana. We also note that Nigerians substitute both US dollar and CFA franc for their currency. This is quite possible since the rate of inflation in Nigeria is about 25%, so in order to protect the value of their liquidity Nigerians opted for substituting for foreign currencies. In Egypt and South Africa, we observe no evidence of currency substitution with respect to the US dollar. Morocco yields currency substitution when the US dollar serves as anchor but it is insignificant. On the other hand, when the Egyptian pound is used as anchor currency, Morocco yields no evidence of currency substitution.
This paper is structured as follows. In section 2 we specify the model. Data descriptions are presented in section 3, while the results and the policy implications are discussed in section 4.
At the end some concluding remarks are made.
Monetary policies in Africa
African countries have adopted different monetary policies depending on whether or not a country was colonized by France or Great Britain. Honohan and O'Connell (1997) have identified 5 types of monetary regimes adopted by countries across Africa since the 1960s. First,
we have a rule-based regime. The currency board system is defined as a set of rules preventing the exercise of discretion in most dimensions of central bank activity (see Honohan and O'Connell, 1997 Killick and Mwega, 1990 
Model Specification and Methodology

Model Specification
Bahmani-Oskooee and Techaratanachai (2001) note that most of the money demand functions present two basic characteristics. On the one hand, the broader definition of money (M2) is considered instead of M1, while exchange rate is included as a determinant of money holding besides income and the interest rate. With this fact in mind, we use a portfolio-balance model where agents in a given country may hold four types of assets: domestic currency, foreign currenc y, domestic bonds and foreign bonds. We note that the African countries considered in this study have an insignificant securities market and these markets, when they exist, are accessible to a few financial institutions. Moreover, the issuance of bonds is not the primary channel for the governments to raise funds. Consequently, this study does not focus on domestic and foreign bonds equations which are overlooked in the portfolio. Money demand would depend on overall economic activities and also on the returns of the assets above.
Using a modified version of Darrat et al. (1996) , we specify the following model:
where
is domestic real money demand, y is income, i is the domestic nominal interest rate, i* is the foreign interest rate, p e is the expected rate of inflation and ?e e is the expected change in the exchange rate.
As expected, income y represents a key determinant of real money demand in most of African countries since the average household maintains a sizeable amount of domestic balances to pay for day to day expenses. Alternative instruments of payments such as checks are not very well developed as a fe w households have bank accounts. Moreover, distrust in these instruments has increased the reluctance of people to use them since many checks turn out to be fake or unfunded.
3 As a result, we expect the partial derivative of real money balances with respect to transactions to be positive.
Despite the non-existence of well-developed financial markets, both nominal and foreign interest rates play a noticeable role in African countries in the determination of domestic balances for mainly two reasons. First, notwithstanding the fact that lots of households have little knowledge of the functioning of financial markets in terms of the opportunity cost for holding 10 money, more and more educated people along with their involvement in the economic activities have come to understand the benefits for opening a saving or some sort of term accounts that bear interest.
The second reason is that many medium and big size corporations-which represent a substantial part of the demand for domestic real balances-are now extending their activities across borders to take advantage of the many opportunities available due to the proximity of important markets such as the WAEMU 4 countries for Ghana and Nigeria, the South African economy for Kenya and Zambia, and the Egyptian economy for Morocco and Tunisia. As nominal interest rates are increasing, people will hold fewer domestic currency thereby decrease their demand for domestic real money. Thus, the expected signs of i is negative.
Inflationary expectations (p e ) remain a key determinant of the quantity of real domestic balances as it erodes the value of nominal money holding. However, the source of this inflationary expectation is crucial for the relationship between inflationary expectation and money demand. The sign of the derivative of real money balances with respect to expected inflation would be negative if the expectation for an increase in prices is due to pure economic reasons. But if the dominant factor behind inflationary expectation is the political and social instability, we might observe a positive relationship between p e and money demand. As a matter of fact, during political instability of uncertain duration, the chain of supply of goods and services is either broken or weakened leading to a shortage and, ultimately, to a price increase.
Also, people are aware of the f act that depository institutions (banks) will remain close during these times of instabilities and also people want to protect their unint errupted consumption level.
Thus we expect the coefficient of p e to be positive.
We can rewrite the money demand function, i.e. equation (1), in the following linearized form:
where ? 1 >0 and ? 2 , ? 3, ? 4 , ? 5 <0. Equation (2) is used for each country.
The real return of foreign bonds ( essentially government's bond) also determines the demand for real balances as it is another competing asset. The expected gains in exchange rate differential will add to the nominal return that will be received on a given foreign bond or interest bearing asset. That is, the real return on foreign bonds is the sum of i * and the expected change in the exchange rate ?e e :
(i * + ?e e )
Following the previous research and using (3) in equation (2), we obtain:
Moreover, there is a consensus in the literature concerning the fact that, with an increasingly integrated world coupled with a great deal of liberalization of both financial and goods markets, interest rates (foreign and domestic) vary to equalize each other 5 . This idea is well documented in Giddy (1983) , Madura (1992) , Francis et al. (2002) and Drakos (2003) in the context of developing countries and is known in the literature as the Interest Rate Parity argument. This equilibrium condition implies that:
Thus, the final form of the money demand function can be expressed in equation (6):
Equation (6) has a distinct advantage as we now excluded the foreign interest rate as a determinant of the domestic real money demand. This is good for modeling money demand for African countries as information on foreign interest is not widely available.
The expected change in exchange rate (?e e ) is used to identify the existence of currency substitution in this paper. A few studies conducted for African countries (Elkhafif, 2003; Agénor and Khan, 1996) essentially consider the US dollar as anchor currency. The present study departs from this approach by considering stable currencies of Africa such as the CFA 6 franc as anchor in West Africa for Ghana and Nigeria; the South African Rand for Kenya and Zambia ; the Egyptian pound for Morocco and Tunisia in Northern Africa. This approach is realistic because of the proximity of these blocs of countries with respect to the anchor currency economy due to the convenience for domestic agents and the increasing level of exchanges that are being conducted among these countries. Finally, the US dollar is used as anchor for Egypt and South Africa as they serve themselves as anchor for other countries. A significant negative coefficient of the expected fluctuations in exchange rates will identify the existence of currency substitution (Bordo and Choudhri, 1982) . As a matter of fact, a negative sign associated with expected changes in exchange rates will indicate that economic agents are reducing their holding of real domestic balances as a depreciation of the domestic currency is anticipated. In other words, they shy away from the domestic currency and substitute it with the anchor currency that is appreciating. People adjust their holdings of real domestic balances by substituting foreign currency (the anchor currency) for domestic currency as the domestic cur rency is expected to depreciate. We will estimate equation (6) for each of these African countries. A negative and significant 4 γ will indicate the presence of currency substitution in a country.
Data
We collected quarterly data for Egypt, Ghana, Kenya, Morocco, Nigeria, South Africa, Tunisia, and Zambia for the period 1976 to 2005 from the International Financial Statistics (IFS) published by the IMF. We considered this time period as floating/managed floating exchange rate regimes in these countries would allow us to identify currency substitution by examining the stability of the money demand function using expected depreciation of the exchange rate as a proxy. For each count ry, we collected data on the domestic real money
; the r eal Gross National Income (y); the domestic deposit interest rate (i); expected inflation rate, p e , measured by the change in the actual rate of inflation, i.e. ?p; and the expected depreciation in the exchange rate with respect to the anchor country approximated by the inflation differential between the domestic country considered and the anchor currency country. This also allows us to avoid econometric problems related to pegged and managed exchange rates.
Results and Policy Implications
Most of the studies in currency substitution examine whether people in a country hold foreign currencies of developed countries like US Dollar, British Pound, or Japanese Yen.
However, we examine whether people of these African countrie s hold some regional currencies.
In addition to this, we examine whether they hold US Dollar in their portfolio. The home currency and anchor currencies for each country are reported in Table 1 . Prior to the estimation of model (6), we need to check the stationarity of each series used here.
Thus, to test whether the series are stationary or not a variety of unit root tests are performed.
1. Unit Root Tests
As low power of different tests for unit roots is a recurrent issue and the lack of 
2. Long-run Analysis
We investigate the existence of a long-run relationship between real money balances, real income, interest rate, expected inflation and expected exchange rate depreciation. In Table 2 , we report the ?-max and ?-trace statistics proposed by Johansen and Juselius (1990) to test 9 for cointegration in all eight countries. The existence of at least one co-integration vector suggest that the variables considered move towards an equilibrium in the long-run. Both ?-trace and ?-max test statistics reveal that there are two co-integrating vectors in the case of Morocco and Nigeria and three and four co-integrating vectors for Egypt and South Africa, respectively. As a matter of fact, ?-max indicates two co-integrating vectors in the case of Ghana, Tunisia and Zambia, whereas ?-trace indicates just one for Tunisia and Zambia, and three co-integrating vectors for Ghana. As far as Kenya is concerned, ?-trace indicates three co-integrating vectors, when ?-max indicates no co-integrating vector. However, for all countries there exists at least one cointegrating vector which in turn means that the relationship between money demand and its determinants holds in the long-run. Intercepts is tested in each co-integrating vector by using the likelihood ratio statistics 10 . Except for Egypt intercept is significant for all countries. These results validate our model in Equation (6). We then examine the significance levels of these coefficients. A significant coefficient of the expected exchange rate depreciatio ns in cointegrating vectors indicates the instability of the money demand function and the existence of currency substitution. The normalized co-integrating vector with the highest eigen value is discussed next for each country.
Egypt
The normalized co-integrating vector corresponding to the highest eigen value is: We find no evidence of currency substitution with respect to the U.S. dollar as γ 4 is positive and highly significant 11 . These findings suggest that real money demand in Egypt is stable. This is contrary to the findings of Elkhafif (2003) who finds supporting evidence of currency substitution in Egypt using an error-correction model. In his work, currency substitution is approximated by the ratio of foreign currency deposits in commercial banks over money supply.
The difference in his and this study may come from the fact that Elkhafif (2003) consider annual data for a shorter period from 1991 to 2001. Indeed, during this period Egypt experienced an increase in foreign currency deposits into her banking system, which could explain why he finds strong evidence of currency substitution.
To further our understanding of the money demand function in Egypt, we derive the impulse response functions (IRFs) 12 and the variance decomposition functions (VDF) 13 . In Figure   1( We note that the coefficient for expected depreciation of exchange rate is negative and highly significant. This indicates currency substitution between the Ghanaian Cedi and the C.F.A. franc, which has effects on the money demand function. Monetary authorities cannot operate an independent monetary policy as external variables have significant influence on the money demand. Therefore, they should implement policies that take into account evolution into economies of countries using the CFA franc. People of Ghana find the use the CFA franc in conducting their transactions profitable. This is probably due to the fact that Ghana has borders with the CFA Franc countries. Also the average inflation of 35% in Ghana would encourage people to hold a more stable cur rency. Bank of Ghana should ensure that domestic inflation does not diverge a great deal from the inflation rate of economies using the CFA franc.
Moreover, IRFs in Figure 1 (b) reveal that innovations in expected inflation and expected change in exchange rate create a negative and persistent effect on money demand throughout from the short-run till the long-run. Innovations in both real output and T-bill rate positively affect the domestic real money demand from the 4 th quarter onward with about the same magnitude. However, these impacts are virtually insignificant in the short-run up to the 3 rd quarter. The response is even negative for a little while following innovation in T-bill rate. The effects of these shocks remain significant throughout the period considered with a confidence interval of roughly 95 percent. Furthermore, it is found through the VDF that the real income roughly generates 34 percent of fluctuations in the real money demand, whereas expected changes in real exchange rate account for 6 percent. We find no evidence of currency substitution between the Kenyan Shilling and the South African
Rand. Thus, our findings suggest that the money demand in Kenya is stable. Monetary authorities may therefore efficiently pursue an independent monetary policy.
The response of real money demand to a one standard deviation shocks are shown in 
Nigeria
The estimated long-run money demand model for Nigeria is: m 2 = 0.097 + 0.692y t -0.0000 97i t + 0.388p e t -0.027?e e t (0.11) (1.80) (-0.003) (6.37*) (-2.67*) This money demand function indicates that there is evidence of currency substitution in Nigeria between the Naira and the CFA Franc. Consequently, an independent monetary policy cannot be designed for Nigeria since the real money demand appears to be unstable. So Nigerian central bank should pay a great deal of attention to economic fluctuations in surrounding Western
African countries that use the CFA Franc. We also find the existence of currency substitution in Nigeria when the US dollar is used as anchor currency 15 . Figure 1(e) shows that the response of real money demand to real GDP and it remains positive, steady, and significant over time. On the other hand, the response of real money demand to expected inflation shocks remains negative and significant throughout the 40th period. However, innovations in time deposit rate and expected change in exchange rates have negligible effects on real money demand throughout the long run. Moreover, VDF shows that domestic inflationary expectations are responsible for most, about 30 percent, of the fluctuations in real money demand.
South Africa
The estimated long-run money demand function for South Africa is as follows:
(-2.61*) (10.9*) (-0.12) (6.34*) (-4.18*) This indicates that currency substitution exists in South Africa. It also suggests that the money demand function is unstable and monetary policy makers in South Africa should put more emphasis on the external factors 16 .
In Figure 1 (f), it appears that the response of real money demand to innovations in real output is positive till the 10 th period although insignificant. At that point in time, the response is negative but insignificant up to the 40 th period. On the other hand, innovations in domestic inflationary expectations remain insignificant throughout the short-run and long run. Both innovations in T-bill rate and change in expected exchange rate yields a negative response of real money demand that persists over time till the 40 th quarter. Disturbances in real money demand remain positive but insignificant throughout any time period considered. However, the VDF 23 results show that the expected change in exchange rate dictates most of the variations in real money demand (accounts for more than 45 percent). In addition, it indicates that monetary authorities should pay a great deal of attention to the changes in the US economy. Other factors like the T-bill rate also account for almost 30 percent of fluctuations in real money demand, which confirms the importance of the T-bill rate in determining the real money demand.
In the case of South Africa, authorities should consider targeting exchange rate between the US dollar and the rand because of the significance of currency substitution. As a matter of fact, it is true that in recent years the South African Reserve Bank (SARB) has devoted most of its efforts targeting the consumer Price index for Metropolitan and urban areas (CPXI) inflation for the past years within a monthly target range of 3-6 percent after a peak of 11.3 percent in November of 2002. Yet, considering the finding of this study, monetary authorities should also consider implementing policies destined to stabilize the exchange rate between the US dollar and the rand. This will in turn contribute to a more stable money function demand, which is crucial to achieving high employment and economic development.
Tunisia
The estimated money demand function for Tunisia is as follows: we still find that there is no currency substitution between Kwacha and US dollar.
Conclusion
In this paper we examine the existence of currency substitution in eight African countries.
We know that currency substitution by making money demand function unstable makes monetary policy making difficult. Using a portfolio balance model we estimate money demand functions where expected depreciation rate of the exchange rate is an explanatory variable. A significant negative coefficient for this expected depreciation rate of the exchange rate would indicate the presence of currency substitution. We examined currency substitutions related to regional currency and we find the existence of currency substitution in three countries-namely, Ghana (Anchor Currency: CFA Franc), Nigeria (Anchor Currency: CFA Franc) and South Africa (Anchor Currency: US Dollar). We also estimated the money demand function using the US dollar as anchor currency for all countries using data from 1981:1 to 2005:4. We find that currency substitution exists in Nigeria but we find no currency substitution in Ghana. Also for Morocco we find weak evidence of currency substitution when US Dollar is the anchor currency.
These results indicate that we need to be careful about choice of anchor currency when we are conducting analysis related to currenc y substitution. 
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